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© Branching filter for transmitter-receiver. 

© A branching filter for a transmitter-receiver which 
is used in a microwave band comprising an or- 
thogonal-mode transducer (waveguide branching fil- 
ter), a reception filter comprising a band-eliminating 
filter 4 which is connected to the extension of the 
center axis of the waveguide of the orthogonal-mode 
transducer, and a transmission filter comprising a 
high pass filter containing a cut off waveguide which 
is directly and orthogonally connected to the or- 
thogonal-mode transducer. The parts of the branch- 
ing filter for the transmitter-receiver are integrally 
manufactured as one body by a lost wax process. 
Therefore, the branching filter for the transmitter- 
receiver can be manufactured as compact-size one 
body having no patch or linking portion. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a branching filter (dis- 
tributor) for a transmitter-receiver, which has a 
transmitter port for receiving an input transmit sig- 
nal, a receiver port, and an antenna port for receiv- 
ing an input receive signal and is for distributing 
the input transmit signal to the antenna port and 
the input receive signal to the receiver port. 

2. Description of Related Art 

A branching filter for a transmitter-receiver is 
known as being used to commonly use an antenna 
for transmission and reception for using a micro- 
wave band. A conventional branching filter for a 
transmitter-receiver comprises a transmission filter, 
a waveguide branching filter coupled to the trans- 
mission filter, a bend waveguide coupled to the 
waveguide branching filter, and a reception filter 
coupled to the bend waveguide. In the conventional 
branching filter for the transmitter-receiver, it is 
impossible to easily and cheaply produce the 
branching filter, and it must be designed in larger 
size because the transmission filter, the reception 
filter, the waveguide branching filter and the bend 
waveguide filter are separately fabricated. 

On the other hand, a transmitter-receiver com- 
prises a transmitter module, a branching filter mod- 
ule coupled to the transmitter module, and a re- 
ceiver module coupled to the branching filter mod- 
ule. 

In a conventional transmitter-receiver, a trans- 
mitter module comprises a transmitter connector, 
and a receiver module comprises a receiver con- 
nector. On putting the transmitter-receiver in opera- 
tion, a cable is connected to the transmitter con- 
nector and the receiver connector. Points of con- 
nection of the cable to the transmitter connector 
and the receiver connector are covered for her- 
metic seal and for insuring waterproofness by a 
first and a second connector cover. It is hardly 
possible in the conventional transmitter-receiver to 
exchange the first and the second connector cov- 
ers to new covers. 

Fig. 4 is an exploded perspective view showing 
a conventional separate type branching filter for a 
transmitter-receiver as disclosed in U.S. Patent No. 
5,243,306. This branching filter for the transmitter- 
receiver was proposed to overcome the "large-size 
structure problem" of the branching filter for the 
transmitter-receiver as described above. 

As shown in Fig. 4, the conventional branching 
filter for transmitter-receiver basically comprises 
three parts, that is, a first part 101, a second part 
102 which is detachably coupled to the first part 



101 and a third part 103 which is detachably coup- 
led to the second part 102. The first part 101 
includes an antenna port, a part of a waveguide 
branching filter (orthogonal transducer) and a part 

5 of a reception filter. The second part 102 includes 
the residual (other) part of the waveguide branching 
filter, the residual (other) part of the reception filter 
and a part of a transmission filter. The third part 
103 includes the residual (other) part of the trans- 

10 mission filter. The reception filter which is assem- 
bled by the first and second parts 101 and 102 is 
provided with a bend waveguide 104 to facilitate a 
connection work between the branching filter and a 
transmitter-receiver. 

75 Fig. 5 is a cross-sectional view showing an 
assembly of the first, second and third parts 101, 

102 and 103. The assembly is designed in a di- 
mension of about 160 mm (height) X 80 mm 
(width), for example. Fig. 6 is a cross-sectional 

20 view showing partially the third part 103 shown in 
Fig. 4. The third part 103 is designed in a dimen- 
sion of about 70 mm (width) X 65 mm (height), for 
example. 

In the conventional branching filter for transmit- 

25 ter-receiver as described above, each of the 
waveguide branching filter, the transmission filter 
and the reception filter is divided into plural parts, 
and these plural parts are fabricated into a 
waveguide. Therefore, if each part is manufactured 

30 with an dimensional error or fabricated with a posi- 
tional error, a step portion would occur at a di- 
visional (partitional) face portion of the finally-fab- 
ricated waveguide (i.e., at the boundary between 
the parts constituting the waveguide) because of 

35 the dimensional or positional error). 

If a step portion occurs at the divisional face 
portion of the waveguide of the waveguide branch- 
ing filter, cross-polarized discriminating power 
(XPD) is deteriorated. Further, if a step portion 

40 occurs at the divisional face portion of the 
waveguide of each of the transmission filter and the 
reception filter, intrinsic impedance of each filter is 
deteriorated. In this case, the impedance of each 
filter is deviated from a predetermined impedance 

45 to induce reflected wave or standing wave, result- 
ing in occurrence of transmission loss. 

Further, since the branching filter for transmit- 
ter-receiver is constructed by assembling plural 
parts, fixing members for fixing the respective parts 

so are required, and thus the branching filter for a 
transmitter-receiver must be designed in large size. 

Still further, as described above, the bend 
waveguide is provided to the reception filter side. 
Therefore, in a case where the bend waveguide is 

55 disposed between the reception filter and the re- 
ception connection port, the branching filter for the 
transmitter-receiver must be designed in large size. 
On the other hand, in a case where the bend 



9/27/07, EAST Version: 2.1.0.14 



3 



EP 0 661 771 A2 



4 



waveguide is disposed between the reception filter 
and the waveguide branching filter, the total length 
of the branching filter and a transmitter-receiver 
when the transmitter-receiver is connected to the 
branching filter is excessively large. 



Fig. 4 is an exploded view showing a conven- 
tional branching filter for a transmitter-receiver; 
Fig. 5 is a cross-sectional view showing the 
conventional branching filter for the transmitter- 
5 receiver with actual dimension; and 

Fig. 6 is a cross-sectional view showing the third 
part with actual dimension. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a branching filter (distributor) for a transmitter-re- w 
ceiver which can be miniaturized without increasing 
the total length when the branching filter and the 
transmitter-receiver are connected to each other, 
and which requires no fabrication or assembling 
process. 75 

In order to attain the above object, the branch- 
ing filter for a transmitter-receiver according to the 
present invention includes an orthogonal-mode 
transducer (waveguide branching filter) having an 
antenna port at one side thereof, a reception filter 20 
which is connected at one side thereof to an exten- 
sion of the central axis of the waveguide of the 
orthogonal-mode transducer through an impedance 
converter and has a receiver port at the other side, 
and a transmission filter having a cut off waveguide 25 
whose impedance is matched by an L-rod (induc- 
tive susceptance) and which is orthogonally and 
directly connected to the orthogonal-mode trans- 
ducer at one side thereof and has a transmitter at 
the other side thereof, wherein the orthogonal- 30 
mode transducer, the reception filter and the trans- 
mission filter being integrally constructed by one 
part. 

Further, the transmission filter may be spirally 
formed around the central axis of the waveguide of 35 
the orthogonal-mode transducer to miniaturize the 
whole construction of the branching filter for trans- 
mitter-receiver. In addition, the surrounding body of 
the waveguide may be formed to be uniform thick- 
ness and miniaturized, so that the branching filter 40 
for the transmitter-receiver can be manufactured as 
an integral body of one part using a lost wax 
casting method which is suitable for mass produc- 
tion. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing a branching 
filter for a transmitter-receiver of an embodiment 
according to the present invention; 50 
Fig. 2 is a cross-sectional view showing the 
branching filter for the transmitter-receiver of the 
embodiment of Fig. 1 ; 

Fig. 3 is a cross-sectional view of spiral 
waveguide passageways portion showing the 55 
branching filter for the transmitter-receiver of the 
embodiment of Fig. 1 ; 



A preferred embodiment according to the 
present invention will be described hereunder with 
reference to the accompanying drawings. 

Fig. 1 is a perspective view showing a branch- 
ing filter for a transmitter-receiver according to an 
embodiment of the present invention, Fig. 2 is a 
cross-sectional view of the branching filter for the 
transmitter-receiver, which is taken along the center 
axis of a reception filter, and Fig. 3 is a cross- 
sectional view of the branching filter for the trans- 
mitter-receiver, which is taken along the center axis 
of a transmission filter. 

As shown in Figs. 1 and 2, the branching filter 
for the transmitter-receiver of this embodiment is 
functionally divided into three parts, an orthogonal- 
mode transducer 1 serving as a waveguide branch- 
ing filter, a band-elimination filter 4 serving as a 
reception filter and a high pass filter 8 serving as a 
transmission filter, however, these parts are manu- 
factured as one body while structurally have thin 
and unified thickness. The orthogonal-mode trans- 
ducer 1 has an antenna port 2 at one end thereof 
(corresponding to one end of the extension of the 
center axis of the waveguide of the orthogonal- 
mode transducer 1) while it has an impedance 
transformer section 3 at the other side thereof and 
is connected to the band-eliminating filter 4 through 
the impedance transformer section 3 at the recep- 
tion side. The band-eliminating filter 4 has a re- 
ceiver port 5 at one side thereof which is opposite 
to the orthogonal-mode transducer side. The band- 
eliminating filter 4 includes plural cavities 6 and 
plural bosses 7, and the cavities 6 are disposed at 
intervals of quarter wavelength or three-quarter 
wavelength. The high pass filter 8 serving as the 
transmission filter has an impedance transformer 
section 9 and a transmitter port 10, and is or- 
thogonally connected to the orthogonal-mode trans- 
ducer 1 . That is, the orthogonal-mode transducer 1 
is connected through the impedance transformer 
section 3 and the band-eliminating filter (reception 
filter) 4 to the receiver port 5, and also connected 
through the high pass filter (transmission filter) 8 
and the impedance transformer section 9 to the 
transmitter port 10. 

The high pass filter 8 is constructed by a cut 
off waveguide which is provided with an L-rod 
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(inductive susceptance) 1 1 to match its impedance 
with that of the orthogonal-mode transducer 1 and 
is designed so that the H-plane (magnetic field 
plane) of the waveguide is slightly made thin, that 
is, so that the waveguide path is further thinned. 
Particularly, the portion of the high pass filter 8 at 
the transmitter port side is constructed by a step 
conversion waveguide (impedance conversion 
waveguide). Further, the dimension (length and 
width) of the cut off waveguide 12 is determined to 
obtain such an attenuation amount that signals on a 
reception frequency band are not filtered. The 
transmission filter 8 is disposed in a spiral form 
around the center axis of the waveguide of the 
orthogonal-mode transducer 1 . 

This invention is not limited to the above em- 
bodiment, and various modifications may be made 
without departing from the subject matter of this 
invention. For example, the orthogonal-mode trans- 
ducer 1 may be designed to have a circular or 
rectangular shape in section. The orthogonal-mode 
transducer 1 may be provided at one end thereof 
with a circular or rectangular coupling hole through 
which reception wave is taken out, and also pro- 
vided at the wall thereof with a rectangular coupling 
hole through which transmission wave is fed out. 

Further, the reception filter 4 may be con- 
structed by a band rejection filter ( the band elimi- 
nating filter ) in which rectangular cavities 6 for 
eliminating transmission frequency band signals 
are provided on the H-plane of the rectangular 
waveguide (magnetic field plane) and circular or 
rectangular bosses 7 for pass band matching may 
be provided on the opposite (confronting) sides of 
the rectangular cavities 6. 

In addition, the transmission filter 8 may have 
the cut off waveguide 12 in which the H-plane of 
the rectangular waveguide to pass the transmission 
high frequency wave is made thin toward the E- 
plane, and further the transmission filter 8 may be 
provided with the stepwise impedance transformer 
waveguide 9 for impedance matching at the trans- 
mitter port side 10 and also provided with the flat- 
boss-type L-rod (inductive susceptance) for imped- 
ance matching at the connection side thereof with 
the orthogonal-mode transducer 1 . 

Further, the transmission filter 8 may be spi- 
rally disposed around the center axis of the 
waveguide of the orthogonal-mode transducer. 

As shown in Figs. 2 and 3, the branching filter 
for the transmitter-receiver of this embodiment may 
be designed in a dimension of 70 mm X 55 mm, 
and the transmission side may be also designed in 
a dimension of 60 mm X 55 mm, so that the whole 
size of the branching filter for the transmitter-re- 
ceiver is extremely small. Therefore, the lost wax 
process which is excellently and suitably used for 
compact casting products can be applied to pro- 



duce the branching filter for the transmitter-receiver 
of this embodiment. If the lost wax process is 
applied, the branching filter can be integrally 
formed as one body having uniform thickness as a 
5 whole. 

The branching filter for the transmitter-receiver 
(distributor) of this invention can be also integrally 
formed in a lost wax process (investment casting 
process). In this process, a dummy (model) is first 

ro formed of wax and placed in a vessel. Thereafter, 
casting material such as ethyl silicate [SKC2H5OM 
is filled into the vessel, congeal as a whole and 
heated to melt the wax and discharge the melt wax 
from the vessel, thereby forming a casting product. 

75 Through this process, the bosses 7, the cavities 6, 
the impedance transformer section 3, the cut off 
waveguide 12 and the L-rod 11 can be simulta- 
neously and integrally manufactured as one body. 
Therefore, the casting product (branching filter for 

20 a transmitter-receiver) having no patch and no joint 
portion can be integrally manufactured as one body 
with high precision. 

As described above, according to the present 
invention, the reception filter is connected through 

25 the impedance transformer section onto the 
waveguide axis of the orthogonal-mode transducer, 
so that the reception filter can be shortened. Fur- 
ther, the orthogonal connection between the trans- 
mission filter and the orthogonal-mode transducer 

30 enables the direct connection between the ortho- 
gonal-mode transducer and the cut off waveguide 
whose impedance is matched by the L-rod, so that 
no impedance transformer section is required and 
the transmission filter can be shortened. Further, 

35 the transmission filter is spirally disposed around 
the center axis of the waveguide of the orthogonal- 
mode transducer, so that the whole branching filter 
for the transmitter-receiver can be miniaturized. In 
addition, the surrounding body of the waveguide is 

40 designed to be uniform, so that the branching filter 
for the transmitter-receiver can be integrally pro- 
duced as one body by the lost wax process which 
is most suitable to mass-produce compact casting 
products. In the branching filter for the transmitter- 
's receiver which is manufactured by the lost wax 
process, the waveguide of each of the orthogonal- 
mode transducer, the transmission filter and the 
reception filter has no dividing surface, so that the 
deterioration in XPD and impedance matching can 

50 be more intensively and synergistically sup- 
pressed. 

Claims 

55 1. A branching filter for a transmitter-receiver, 
comprising: 

an orthogonal-mode transducer for having 
an antenna port; 
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a reception filter for connecting to an ex- 
tensive way of a center axis of a waveguide of 
said orthogonal-mode transducer at one end 
thereof and having a receiver port at the other 
end thereof; and 

a transmission filter for having a cut off 
waveguide which is orthogonally connected to 
said orthogonal-mode transducer at one end 
directly thereof, and a transmitter port at the 
other end thereof, wherein said orthogonal- 
mode transducer, said reception filter and said 
transmission filter are integrally manufactured 
as one body with no fabrication process. 

2. The branching filter as claimed in claim 1, 
wherein said orthogonal-mode transducer com- 
prises a waveguide having a circular or rectan- 
gular shape in section, and said waveguide is 
provided at one end thereof with a circular or 
rectangular coupling hole through which recep- 
tion wave is taken out, and also provided at the 
wall thereof with a rectangular coupling hole 
through which transmission wave is fed out. 

3. The branching filter for the transmitter-receiver 
as claimed in claim 1, wherein said reception 
filter comprises a band-eliminating filter in 
which rectangular cavities for eliminating trans- 
mission frequency band signals are provided 
on the H-plane of the rectangular waveguide 
thereof and circular or rectangular bosses for 
pass-band matching are provided on the con- 
fronting surface of the rectangular cavities. 

4. The branching filter for the transmitter-receiver 
as claimed in claim 1, wherein said transmis- 
sion filter comprises a high pass filter having a 
cut off waveguide of rectangular waveguide 
which serves to pass transmission wave and is 
designed to be thin along the H-plane of the 
rectangular waveguide thereof, an impedance 
conversion waveguide for impedance matching 
at the transmitter port side, and an L-rod (in- 
ductive susceptance) for impedance matching 
at a connection side with said orthogonal-mode 
transducer, 

5. The branching filter for the transmitter-receiver 
as claimed in claim 1, wherein said transmis- 
sion filter is disposed in a spiral form around 
the center axis of the waveguide of said or- 
thogonal-mode transducer. 



a transmission filter for connecting to said 
orthogonal-mode transducer and having a cut 
off waveguide and a transmitter port; and 

a reception filter which is connected to 
5 said orthogonal-mode transducer and has a 

receiver port, wherein said flange, said ortho- 
gonal-mode transducer, said transmission filter 
and said reception filter are integrally manufac- 
tured as one body. 

10 

7. The branching filter for the transmitter-receiver 
as claimed in claim 6, wherein said reception 
filter comprises a band-eliminating filter. 

75 8. The branching filter for the transmitter-receiver 
as claimed in claim 6, wherein said transmis- 
sion filter comprises a high pass filter. 

9. The branching filter for the transmitter-receiver 
20 as claimed in claim 6, wherein said transmis- 
sion filter comprises a band-eliminating filter. 

10. The branching filter for the transmitter-receiver 
as claimed in claim 6, wherein said high pass 

25 filter of said transmission filter is spirally 

formed. 

11. The branching filter for the transmitter-receiver 
as claimed in claim 6, wherein said antenna 

30 port, said transmitter port and said receiver 

port are integrally manufactured. 

12. The branching filter for the transmitter-receiver 
as claimed in claim 6, wherein said branching 

35 filter for the transmitter-receiver is integrally 

manufactured as one body by a lost wax pro- 
cess. 

13. The branching filter for the transmitter-receiver 
40 as claimed in claim 1 1 , wherein said branching 

filter for the transmitter-receiver is integrally 
manufactured as one body by a lost wax pro- 
cess. 

45 14. The branching filter for the transmitter-receiver 
as claimed in claim 12, wherein said transmis- 
sion filter comprises a band-eliminating filter. 



50 



6. A branching filter for the transmitter-receiver 

for a transmitter-receiver, comprising: 55 

a flange for having an antenna port; 

an orthogonal-mode transducer for cou- 
pling to said flange; 

5 
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80mm 
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